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inhabitants of the village were in bed. So far aa known no one noticed 
the period of quiet immediately preceding the heavy downfall. 

Waterspouts hsve ljeen ohservsd don< both coasts in Panama. It, i u  
not known whether such s plienomeiion would I:,e likely tn occur at 
ni ht. 
k x  wiments liere in ouring mater ivto the raingage funnel gave a 

recori’ ipproximately t!e same as you repcrt. 11 e were not al>le. 
however. to count the top antl liottom tips. clue ta the I,lurred character 
of the record. 

As previou~lv ststed, the Pnrto 1Mlo luaxiniuni rainfall recor?. 
o~thu7u~h ,nnt fn.i irc/v obonr. wspirioaL. was acce >tell a* prohaItl-Jy approxi- 
mately correct. I f  the ldiirretl port.iun of the rword is not psiizline, 
the malicioiiP poiiring of P qiiantity of nnt,er into the raingage was 
thought to he the inoat pIaiisili!e esplanat,ion. 

Portr, Rello has expcrieiired sonie very heavy rains. The rainfall 
station there was not in opcmtioii from -1 tipst.. 191.4. to December. 
1918. hut the following newspaper rcrport of a heavy donnpour on the 
night of May 4-S. 1918. ilhiatra.t.cs tlie excessive character of the minfall. 

“HEAVY RAIXVALL IT YORTIJ BELLO. 

“Reports from Porto I3eilo are to the effect that on the 5th of May 
(1919, a torrential donlipour occiirrerl in thnt t.umn and vicinity. 
causing a number of land dips on t.he ailjacent, hills and consideralile 
damage to growing crops. All  <if the cveks overflowed. and the wrt.ar 
invaded the street.* of the village. Fnme o l  t.he houers in Porto Bello 
are reported to hme heen destroyed Imy the inrindation. The new tele- 
phone line Riiffered ennie claniaLm thrnugli the rushing waters having 
overthrown trees. d i c h  fell across t.he liiin. It is mid that such a 
rainsmrm as the village just. espitrienced’ is  the yreate.st within the 
memory of the oldest inhaldtant.. No lives were Ic!st.’’- (Strrr and 
Heraid.) 

Regpec tfnll y , 
IT. G .  f.’ORSTHWAITE, 

:lssis/trnt Ch i f  J 7 ~ ~ 1 ~ l r n ~ r 1 1 p l i i r .  

DISCVSSION.~ 

There was considerable discussion of this laper. 
J. Warren Smith told of how, in a cloudhurst in 0 h io, in 

~ ~~ ~ 

2 Reprinted from BuU. Amrr. Mcl‘l Soe. May, 193, vol. 1, no. 5, p. 52. 

which 7 inches of rain fell in half an hour, people who 
were out in it said t41iat they were almost drowned and 
had to hold their.hands over their faces to get air. S. P. 
Bergusson a.sked if there could he such rapid condensa- 
tion in the atmosphere. C. E”. Broolrs thought that the 
1 :-minute period of slack rainfall preceding the cloud- 
burst was a necessary accompaniment t.0 such an esces- 
sire rainfall, for the rate of rainfall much greater than 
any possible rate of condensation indica.tec1 that there 
must have heen strong upward currents holding the rain- 
drops up in the air, antl that therefore there must have 
heen dowiwa.rc1 current and little rainfall about the 
region of up-rush. H. C. Hunter called attention to the 
rninfall at Guinea, Ira., in which 9 or more inches fell in 
less than 15 niinutes (MONTHLY WEATHER REVIEW, 1906, 
Vol. 34, pp. 406-407, 2 figs.). W. J. Humphreys elabo- 
rated 011 the esplana.tion of a cloudhurst outlined by 
Dr. Brooks (see above). “Could hail have occurred ?’J  
asked Mr. I<adel. C. F. Talniaii called attention to the 
fact that hail is knowvn in the tropics, especially in India, 
and that it had been reported in the niountains.of Haiti 
and in Jamaica. Dr. Brooks called att,ention to the fact 
that most of the Indian hail occu~~ed  in the arid and 
semiarid parts of subtropical northwestern India, and 
after raising the question as to whether the Jamaica hail 
was not in the mountains, stated that i t  appeared es- 
tremely unlikely that hitil.would ever fall a t  sea level in 
Pana.nia. [Nota: An article hv H. G. Cornthwaite, on 
“ Pttnaniat thunderstorrns ” (MOXTHLY WEATHER RE- 
VIEW, Oct., 1019, Vol. 47, pp. 722-724:) mentions the 
occurrelice of hail in the Canal Zone on three occasions 
in 13 yearn.] Mi-. &del said that where such intense 
raiiif:& occur, the ga,ges should have greater capacity in 
the tipping bucket. 

SUNSHINE AND CLOUDINESS IN THE CANAL ZONE. 

By H. G .  CORNTHWAITE, Assistant Chief Hydrogrspher. 
[Balboa Heights. C. Z., Apr. 21.193.J 

The degree of daytime cloudiness in the Canal Zone is 
less during the dry season than in the rainy season. but 
even in the dry season the sky is by no means clouclless. 
the average degree of daytime cloudiness being about 50 
per cent of tlie sk obwured in the dry season and about 

There is not the intense unobstructed solar radiation in 
the Canal Zone that is experienced in dry seckions of the 
United States. The cJoucUess skies so coninion in the 
semiarid sections of southwestern Unitcd States are 
practically unknown in the Canal Zone. 

March is generally the month of minimum cloudiness in 
the Canal Zone, while June and November itre usually the 
months of maximum cloudiness and least. sunshine. The 
masimum daii.ra.tion of sunshine bccurs during the d ~ y  
season, usually in January, and the inasiniuni in . t~ns?ty  
occurs in March or April. 

The daytime cloudiness is somewhat greater in the 
interior and over the Pacific section than on the Atlantic 
side. The prevailing winds duri!ig the greater part of 
the year blow froni off the Atlantic. These winds reach 
the Isthmus with water va or mostly uncondensed and 

a large part of the water-vapor carried b these winds is 

a ents of condensation being the ascending air currents 
t I! at develop over the escessively heated land surface and 

75 per c.ent of t1e r sky ohscured in the ra.iny season. 

therefore not visible as clou s s. In  crossing in the I s t h u s  

condensed and becomes vlsible as cloud, t z e most effective 

the upward deflection of the winds approaching and pass- 
ing over the Conbinentnl Divide. Any increase in ele- 
vation of a. mass of air, from whatever cause, results in a 
corresponding decrease in its temperature. When the 
teni erature of the ascending air current, has been lowered 
to tl!e dew point, its invisible wat,er vapor condenses and 
becomes visible as cloud. 

Ni..ghf. c7our7in.css-No actual records are available of 
nighttime cloudiness. but in general the cloudiness is 
niuch greater during the da.ytinie than at  ni ht. This 

cumulus clouds form regularly during the daytime, and 
as regda.rly disappesr with the approach of nlght. 

Over the int.erior night cloudiness often takes the form 
of fo s, which are nunieroiis during the rainy season, but 
whic F 1 usually lift or dissipate before S.30 a. 111. Few fogs 
oc.cur dong either coast in the vicinity of the Canal Zone. 
!See fig. 2 . )  

During tlie rainy season night and early morning cloudi- 
ness is heavier dong the Atlantic coast, where approxi- 
mately half of the total rainfall occurs during the night- 
time. 

IlfontA ly Ertreni rs.-The maximum nion thly daytime 
cloudiness recorded during any one month of the past 13 

ears was 93 per cent at  Colon in July, 1914, and the 
Last avernge montldy cloudiness was 30 per cent at  
Balboa Heights in February, 1918. 

is especially noticeable during the dry season, w 5.l en heavy 
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&uuise on the P a l  Islands In Panama Bay. Show A. Cu. and St. & cbuds. 

E& cumulus clouds verging on the 8t. I~U. ~ y p a  oanked 

Early morning fog over the Panama Canal at Culebra where the canal cuts through the Continental Divide. 
[Photos by H. G. Cornthwaite.] 
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The masimum duration of sunshine recorded during 
any one month was 89 per cent of possible at  Balboa 
Heights in January 1915, and the least duration of sun- 
shine for any month was 15 per cent a t  Balboa Heights 
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inMay, 1913. 

Prmail.i.n.a do& tvpes.-The cumulus form of lower 
clouds are hos t  numGous during the dry season aiid the 
strato-cumulus, stratus, and nimbus forms during the 

FIG. 1.-Average monthly conditions of cloudiness and sunshine in the Canal Zone. 

rainy season. All of tslie common types of upper clouds 
are well represented throughout the year, but in the rainy 
season they are frequently obscured by the lower clouds. 

~o.m.2)cimso,i.s.--Clompared with conditions in many 
sections of the United States, cloudiness in the Canal 
Zone is relatively heavy, especially during the rainy 
season; but prevailing rainstorms usually are of short 
duration, followed by clearing weather and sunshine and 

the cloudiness is so broken and intermittent that there 
are very few da s with no sun.sh:in.e. But when general 

be periods of two or three consec.utive days with the sun 
entirely obscured. 

The average number of days ~(vib~l.~ut su.n,shins during the 
pa.st 12 years has been about 13 er ear on the P a d c  
side and 10 on the Btla.ntic side. #he 6ngest consecutive 
period of authentic record in the Canal Zone without 
sunshine is nbout four days.' 

The avera e number of clear clays per year has been 36 
da 

173 at Balboa Heights and 166 at ,010n; and clou y 
days, 157 at Balboa Heights and 145 at Colon. A dear 
day being one with average cloudiness of three-tenths or 

a.rt,ly cloudy, from four-tenths to seven-tenths; 
lit-tenths or more. 

conditions of cloudiness and sunshine in the Canal Zone. 

storms visit the 3; stlimus (such as " Northers ") there may 

Y"lY F at Balboa 2 eights aiid 51 at Coloii; 

table aiid diagram show average monthly 

Avwagt monthly cloudiness and percentage of possible sunshine- 
C'nnnl Zonc. 

January. .......................... 
February. ........................ 
March.. ........................... 
-4 ril .............................. 
June. ............................. 
July. ............................. 
-4uwst.: .......................... 
September.. ...................... 
October.. ......................... 
November.. ...................... 
December.. ....................... 

Year.. ...................... 
Drv season.. ...................... 
Rahy season.. .................... 

dy .............................. 

Cloudiness-per cent of sky 
obscured.5 

Ralhoa 
Heights, 
I'acific 

coast ( 13 
years). 

47 
51 
53 
65 
7s 
S1 
74 
77 
75 
75 
73 
60 

67 
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74 

Culehm 
interior' 

.7yearsll 

.- 
49 
50 
47 
63 
77 
s1 
80 
7s 
77 
79 
80 
61 

68 

52 
i 7  

Colon 
Atlanth 
coast (11 
yearsj. 

46 
47 
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51 
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74 
75 
75 
72 
72 
75 
58 

61 
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72 

Sunshine- ofpossiE1e.c ercent 

1 Based on rccnrria from automatic electric sunshine recorders. There records are not 
always ahwlutely accurate, heing sulW2t to errors due to improper adjustment of Instru- 
ment. lagring, etc.. hut thcy ace conqidcred the best availahle. 

Q Cloudiness records are from hi-hourly eye observations. 
b Station closed in 1914. ............ 
c Sunshine records are from automatir electric sunshine recorders. ex ressedinper- 

centage of possilrle. In the 'Pro irs]~ossihlesunshinc. or the duration of 8, light. varies 
hut little from month to monti?, since there is little vlrriation in theleng& of day and 
night throughout the year. 

HUMIDITY A N D  H O T  WEATHER. 

By H. G .  CORNTHWAITE, Acting Chief Hydrographer. 
[Balhoa Heights, Canal Zone, Mar. 15. 193J.1 

Jn a general way it is well known that. conditiolis of 
humidity arid wind movement are import.ant factors in 
ameJiorating or agyravatinq the depressin: effects of hot 
weather. The mnsimum temperature recorded is there- 
fore not an adequate measure of the temperature actually 
felt hv the human hod>-. For esamnle, a temperature 
of 90" F. with high humicli ty and 110 wind seems rery hot 
end oppressive, while the same temnernture with ti low 
degree of humidity and a fresh breeze seems relatively 
cool and refreshing. 

For want of a better term the tempernture actually 
felt hy the human body may be called the sen.sib7e tem- 
perat,hre. The reading of the wet hulb thermometer is 
not mi exact measure of t.he sensible temperat,ure, hut it 
is the best measure available. as it represents the tempera- 
ture of a moist body exposed to the breeze in process of 
cooling through the agency of evaporation. 

The effects of humidity nnd wind movement on the 
seit.nib7r t,eml,ernture may be exulaiined as follows : 

With n high degree of humidity the air is nearly satu- 
rated wit.li iiiriaihle vapor, nntl its capacity for taking up 
nrlditional nioisburc is fimnll : conseguently, the rate of 
ersporst,ioii is slow nut1 t.lw eraprating surface is cooled 
but sligb t,lv. 

With a fom degree of humidity the capacitv of the air 
for tak-ine up nrltlit,ional moist.iire is large. which favors 
R ra$l rat,e of c.rsimrat.ion and extensive cooling of the 
evaporat,iiiq surfnce. 

Increased wiiitl moremeat induces a more rapid rate 
of evamration. with n resultinc increase in its coolinq 
effect. and slso t,entls t.o cool t.he hod-y by the removal of 
hea.t hy contluction and cctnrect,ion. 

Also, it  is ~~rohahle that liipli humidity has a depressing 
physiological effect upon the human body that is not 


